Service provision backlogs in access to improved water and sanitation services remain a key barrier to the health and well-being of people living in Nairobi's slum areas. In this paper, we use quantitative data from the Nairobi Urban Health and Demographic Surveillance System to analyze the extent to which residents of Nairobi's slum areas have been able to access improved water and sanitation services from 2003 to 2015. This trend analysis reveals a slow but observable increase in access to improved sanitation facilities and garbage disposal services, while access to improved sources of water decreased. We conclude that the best scenario is the one in which all the three indicators have significantly improved during the period under consideration rather than having only some of them improving, while the others stagnate or decline. We recommend that Nairobi City Council and sector development partners refocus their attention towards increasing access to improved water and sanitation services in the urban low-income areas because lack of access to these essential services may expose people to waterborne diseases. It also threatens to leave behind a substantial number of people as the country moves towards the attainment of the water and sanitation-related sustainable development goals.
INTRODUCTION
Global figures that estimate the lack of access to improved water, sanitation and hygiene (WASH) services are alarming. At least 2.1 billion people are estimated to be lacking access to improved, safe and readily available sources of drinking water at home (WHO & UNICEF ). The lack of access to sanitation is an even larger challenge, with more than 4.5 billion people worldwide living without access to safely managed sanitation services, while about one billion people lack basic access to a sanitation facility (Andersson et al. ) . It is clear that progress in achieving broad access to WASH has been slow, particularly for sanitation (Loevinsohn et al. ) . In 2015, only 40% of the urban population in sub-Saharan Africa (SSA) had improved sanitation and a mere 33% had piped water in their homes (Ezeh et al. ) .
The goal of achieving significant improvements in the percentage of people with access to clean water supplies and efficient sanitation services has been specifically embedded in the millennium development goals (MDGs) for all and end open defecation, paying special attention to the needs of vulnerable women and girls by 2030. Under the SDGs, universal access is measured in terms of the size of the population living in households with access to basic drinking water and sanitation services. Thus, access to adequate water is measured through the size of the population using a safely managed drinking water source that is located on one's premises, available when needed and free from contamination (WHO/UNICEF ). On the other hand, access to managed sanitation services is measured in terms of the size of the population using services that enable excreta and other waste from the household to be safely disposed of in situ or treated off-site (WHO/UNICEF ).
The importance of WASH services is highlighted in the UN-Habitat's definition of a slum area which views it as a group of individuals that live under the same roof that lack one or more of the following conditionsaccess to improved water, access to improved sanitation, sufficient living space, durability of housing and secure tenure (UN-Habitat ).
In slum areas, the WASH service provision backlog is substantial. It is magnified by the available statistics that present a very disappointing picture. In these areas, inadequate water supply, sanitation, drainage and rubbish collection in a crowded environment predispose the population to recurrent diarrhea and diseases such as typhoid, hookworm and cholera (Ezeh et al. ) . If one compares improvements in water supply and sanitation in African slums with related improvements experienced in European and North American cities in the 19th century, it is easy to conclude that the interventions implemented in African slums have not yet yielded many substantive health benefits.
It is critical that we find answers to this dilemma.
A detailed study by Development Initiatives () revealed that the proportion of households with access to water from an improved source in Kenya increased from 56.1% in 2009 to 72.6% in 2015/2016. The data also show that there was no significant change in the proportion of households with access to improved sanitation services over this period, with 65% of households having access to improved sanitation services in 2009 and 65.2% in 2015/ 2016 (Development Initiatives ). These average national figures also mask the significant inequalities that exist in access to improved sanitation services across different geospatial spaces in the country. For example, in rural areas, 50.8% of households do not have access to improved sanitation services compared with only 13.2% in urban areas while in urban areas, the lack of adequate sanitation disproportionately affects poor residents in informal settlements (Development Initiatives ). An estimated 24% of residents of slum areas have access to household toilet facilities (which is considerably below the national average of 65.2%), while 68% rely on shared facilities and 6% have no access to facilities at all and often resort to 'flying toilets', which pose a serious health hazard (Muhele ) .
People who live in slums often share environmental risks, such as those arising from poor sanitation, and they experience the so-called neighborhood effects (Meijer et al. ) . In most slum areas, streets and lanes are unpaved with no drainage and are, therefore, converted to mud and stagnant pools when it rains. Garbage collects in huge, malodourous piles and often contains excrement. In most slum areas, gray water discharge (waste water from bathrooms and kitchens) is also quite significant, leading to serious negative effects on the environment and population health, especially effects of soil and ground water pollution (Katukiza et al. ) . There are also cases where the nutrients in gray water may cause eutrophication leading to overall deterioration of ground water quality, particularly as you move away from the main roads into the more informal footpaths and tracks between the structures (Morel & Diener ) . The neighborhood health effects of all these anomalies can be substantial. The international community might even have exacerbated the problem by setting standards for improved sanitation that are unsuitable for densely crowded slum conditions (Patel & Baptist ) .
Furthermore, slum dwellers continue to perceive WASH services as their most pressing need (Parikh et al. ) .
This underlines the importance of studying slum health in the context of WASH because slums are spaces where neighborhood effects are likely to exist (Ezeh et al. ) .
While WASH services constitute some of the most basic requirements for human health and dignity throughout the world, this dignity is missing in most of the slum areas of Nairobi. Even though there have been a number of interventions intended to upgrade Nairobi's slum areas, focusing on issues of infrastructure development, especially in the Korogocho and Viwandani slums, the communities remain exposed to overcrowding and poverty, alcohol and substance abuse, domestic violence and crime (Aboderin et al. ) . In addition to widespread poverty, residents of Nairobi's Viwandani and Korogocho slum areas are also faced by the near-absence of most of the basic services they need to live healthy lives. It is also important to note that Kenya has experienced unprecedented urban growth, which is expected to lead to the country's urban population reaching about 31.7 million (56%) by 2027 (WSUP ). This rapid urbanization has left Kenyan cities with a huge unmet demand for critical infrastructure and basic services, adversely affecting the quality of life for urban residents, with nearly two-thirds of urban residents having no access to improved sanitation (WSUP ).
In this paper, we use quantitative data from the Nairobi 
DATA AND METHODS

Location of the study sites
Data for this study were obtained from a longitudinal demographic surveillance system covering the slum areas of Korogocho and Viwandani in Nairobi. The two slum areas are located about 7 km from each other. Korogocho is roughly 1-1.5 km 2 in size and located about 11 km northeast of Nairobi City Centre, while Viwandani is about 4-5 km 2 in size and located about 7 km southeast of Nairobi City Centre. 
Study design and setting
Measures
Explanatory variables
Explanatory variables used in our analysis include the year of survey/interview, the slum of residence at survey (i.e., 
Outcome variables
We focus on three WASH variables, namely source of drinking water, type of toilet and method of garbage disposal used by the household. Following the WHO guidelines, drinking water sources and sanitation were classified into 'improved'
and 'unimproved' (Yu et al. ) . Table 1 presents the classification for sanitation and drinking water sources into improved and unimproved that we used to define our variables, adapted as per the WHO standard.
For purposes of WASH surveys, an 'improved' toilet is normally defined as a toilet in the improved category shown in Table 1 and also one that is necessarily not shared with other families. This is to maintain consistency with other survey tools. A public toilet is one that any member of the public can use, for example, in hospitals or markets. Open use means that the toilet is accessible to anyone in its vicinity and it is often difficult to ensure its proper maintenance and cleanliness. A communal toilet is designed for a specific number of people within a particular catchment, for example, 20 or 50 people per drop hole and often people will not have a sense of ownership or responsibility for maintaining the facility unless they are mobilized to do so. A shared family toilet is one used by not more than two families and also a maximum of 12 people. A single household toilet is not shared and is usually the easiest to keep clean.
While there are other scholars who argue that shared sanitation facilities meet many of the aims of sanitation such as disease control, economic development and environmental improvement, particularly because they hygienically separate human excreta from human contact; in this paper, we argue that they fall short of the internationally agreed standards (Sulabh International ; Mazeau et al. ). Indeed, they could serve communities very well if collective actionrelated challenges that often arise in the management of common-pool resources could be effectively addressed, particularly in terms of cleaning and the maintenance of these facilities. Thus, in our view, shared sanitation facilities remain a useful approach, but should be seen as compromise solution in cases of acute scarcity rather than an ideal option meeting minimum standards.
We also note that bottled water is usually considered improved only when the household uses it by choice rather than because they are obliged to or when it can be guaranteed that this water is not contaminated. In the NUHDSS, this could not be established prior to the survey round. For water from bowsers carried on trucks to the users to be considered 'improved', the water must have been chlorinated or somehow treated or purified. In cases where water is sold from a bowser by a private contractor and chlorination cannot be established, it is considered unimproved. For the analysis done in this paper, an 'improved'
garbage disposal system or method is defined as one implemented with potential for recycling and waste management as a resource management system, rather than just another waste management system. We have also followed WHO strategies for waste reduction, separation, processing, management and recycling, and reuse to define improved garbage disposal services. Other alternatives such as open incineration of solid waste are considered as unimproved methods.
Statistical analysis
We modeled the proportion of the study population using Exploratory trend analysis Thereafter, there was a slower but steady increase in the number of households with access to improved garbage disposal services, rising to 66.2% by 2015.
Determinants of access to improved WASH services Table 3 shows results from the GEE model. After adjusting for other explanatory factors, access to improved drinking water decreases significantly over the years. The odds of accessing an improved drinking water source were significantly lower in Viwandani than in Korogocho. Access to improved drinking water sources increased with the age of the household head as well as the size of the household.
The results also indicated some variability in improved water access across different ethnic groups. The lower the food security for a household, the lower the chances of accessing improved water sources. An unexpected finding was that households in the middle and highest wealth tertiles had significantly lower odds of accessing improved drinking water sources than those in the lowest tertile. In general, even though billions of people worldwide may have already gained access to basic drinking water and sanitation services since 2000 as part of the aspirations for attaining the MDGs, the coverage associated with these services has not been sufficient. It has also not necessarily always provided access to 'safe' water and sanitation services to the masses. The collective failure to achieve better WASH outcomes in Nairobi's slum areas and similar environments elsewhere in the world throws into question the effectiveness of traditional modes of WASH service delivery, including their emphasis on hardware, while also prompting a re-assessment of sector management and an enhanced interest in appropriateness of the governance arrangements in place and the political will to address evident gaps in infrastructure.
CONCLUSION
We set out to analyze and articulate the trends of WASH access in two slum areas of Nairobi based on the analysis of data from the NUHDSS, 2003-2015. Our analysis has enabled us to reach firm conclusions regarding the trends of WASH in the study sites. While there are some notable improvements, particularly in access to sanitation services, an overall assessment of all the three indicators of progress shows very slow positive change, stagnation or decline in access in some cases, which suggests that there are still considerable backlogs in the provision of WASH facilities and services in the slum areas of Nairobi. If this trend continues, a substantial number of households in the Viwandani and Korogocho slums of Nairobi are likely to be 'left behind' in terms of reaching the 2030 drinking water-related SDGs.
More qualitative research is required to better articulate the nuances of the observed decline, stagnation or increase in access to the WASH services as reflected in each of the three indicators of focus in our study sites.
Targeted policy and program interventions should be implemented which will ensure that no one is left behind as the country moves towards the attainment of the WASHrelated SDGs 2030. Such interventions should seek to directly address the underlying poverty-related structural, infrastructural, socio-economic, institutional and behavioral challenges that continue to limit opportunities for improved health and well-being among slum dwellers. If access to improved WASH services for all the three indicators under our consideration in this paper is not assured, people living in the slum areas will continue to be exposed to a local environment in which waterborne diseases can easily thrive. Therefore, the best scenario is the one in which all the three indicators significantly improve over time rather than having only some of them improving while the others stagnate or decline.
Failure to improve these three indicators threatens to leave behind a substantial number of people living in low-resource settings such as slum areas as the country moves towards attainment of the water and sanitation-related sustainable development goals.
